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Real Party in Interest 
The present application has been assigned by the inventor to 
The Scripps Research Institute, which is the real party in 
interest . 
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Related Appeals and Interferences 
There are no related appeals or interferences. 
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Status of Claims 
Claims 1 and 61-75 are pending. 
Claims 2-60 are canceled. 
Claims 1 and 61-75 are rejected. 
Claims 1 and 61-75 are on appeal. 
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Status of Amendments 
A Response mailed August 9, 2005 was submitted in reply to 
the Final Office Action mailed February 9, 2005. However, no 
Advisory Action was issued in reply to the Response to the Final 
Office Action. Appellant respectfully submits that the issuance 
of an Advisory Action by the Examiner is required (see, e.g., 
MPEP 8 th Edition, Revision 3 § 706. 07 (f) (III) (I) and § 714.13 
(III) ) and Appellant requests that prosecution on the merits be 
reopened so that Appellant's Response mailed August 9, 2005 can 
be considered by the Examiner because Appellant believes that 
said Response places the claims in condition for allowance. In 
the event that examination on the merits is not reopened, then 
the claim amendments set forth in the Response dated August 9, 
2005 were not entered into the record, and the arguments are 
entered into the record. All other amendments in the prosecution 
history are entered into the record. 
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Summary of Claimed Subject Matter 
Appellant's invention is directed to a method of 
specifically activating cytotoxic T lymphocytes (CTLs) in vivo in 
an animal having malignant cells that express a Her-2/neu 
protein, described at specification page 5, line 8, lines 11-14, 
and lines 24-27 and page 41, lines 24-27; and a method of 
treating a patient having a tumor wherein cells of the tumor 
express a Her-2/neu protein, described at specification page 5, 
line 8; page 7, lines 1-3 and lines 9-12 and page 41, lines 11- 
14. The claims on appeal are set forth in the Appendix. 
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Grounds of Rejection to be Reviewed on Appeal 
Issue 1 

Are claims 1 and 61-75 enabled under 35 U.S.C. § 112, first 
paragraph? 



U.S. Serial No. 09/277,064 -8- TSRI 433.1 Dl 

Grouping of Claims 

Issue 1 

Claims 1 and 69-75 stand or fall together with respect to 
Issue 1. 

Claims 61-68 stand or fall together with respect to Issue 1. 
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Arguments 
Grouping of Claims for Issue 1 

Claims 1 and 69-75 are related to a method of specifically 
activating cytotoxic T lymphocytes (CTLs) in vivo in an animal 
having malignant cells that express a Her-2/neu protein. The 
Examiner has rejected claims 1 and 69-75 under Issue 1, by 
alleging that specific activation of CTLs in vivo in an animal 
having malignant cells that express a Her-2/neu protein is not 
predictable. Claims 61-68 do not include the element of 
specifically activating CTLs in such an animal. Therefore, claims 
1 and 69-75 stand or fall independently of claims 61-68 with 
respect to Issue 1. 

Claims 61-68 are related to a method of treating a patient 
having a tumor expressing a Her-2/neu protein. The Examiner has 
rejected claims 61-68 under Issue 1 by alleging that treating a 
patient having a tumor expressing a Her-2/neu protein is 
unpredictable. Claims 1 and 69-75 do not include the element of 
treating a patient having a tumor expressing a Her-2/neu protein. 
Therefore, claims 61-68 stand or fall independently of claims 1 
and 69-75 with respect to Issue 1. 

Issue 1 

Rejection under 35 U.S. C. § 112, first paragraph: 

Claims 1 and 61-75 are rejected under 35 U.S.C. § 112, first 
paragraph, as allegedly not being enabled for several reasons as 
discussed below. Appellant respectfully traverses this rejection 
as discussed below. 

On page 2 of the Final Office Action mailed February 9, 2005 
(hereinafter, the "Final Office Action") , the Examiner asserts 
that claims 61-75 are rejected allegedly as lacking enablement 
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for the same reasons as claim 1. However, as discussed in the 
section above, claims 1 and 69-75 stand or fall independently of 
claims 61-68 with regard to Issue 1. Therefore, Appellant will 
first discuss the reasons why the enablement rejection should be 
withdrawn with respect to claims 1 and 69-75. Then, Appellant 
will discuss the reasons why the enablement rejection should be 
withdrawn with respect to claims 61-68. 

Claims 1 and 69-75 

In the Final Office Action, the Examiner rejected claims 1 
and 69-75 for reasons of record in the Office Action mailed July 
12, 2004. Appellant respectfully traverses this rejection for 
reasons which follow and for reasons on record including the 
those set forth in the Responses filed November 12, 2004, pages 
5-13 and August 9, 2005, pages 8-13. 

On page 3 of the Final Office Action, the Examiner asserts 
that the present claims allegedly are not enabled because one 
skilled in the art allegedly would be forced into undue 
experimentation to practice the claimed invention because: 

1. killing target malignant cells by T cells specific for 
the polypeptide of SEQ ID NO: 12 in patients with cancer 
burden and having Her-2/neu as self antigen is allegedly 
unpredictable, 

2. there allegedly is a lack of correlation between 
production of specific CTLs in a transgenic mouse that is 
cancer free and does not express the particular human 
HER-2/neu polypeptide of SEQ ID NO: 12 as self antigen and 
the production of CTLs that could kill target cancer 
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cells in patients having cancer burden and having Her- 
2/neu as self antigen, 

3. there allegedly is a lack of correlation between killing 
cancer cells in vitro and killing primary cancer cells in 
vivo, and 

4. there allegedly is a lack of adequate disclosure in the 
specification in view of the allegedly complex nature of 
the claimed invention and allegedly little is known in 
the art about the claimed invention. 

The test of enablement is whether one reasonably skilled in 
the art could make and use the claimed invention from the 
disclosures in the patent coupled with information known in the 
art without undue experimentation (see, e.g., In re Wands, 858 
F.2d at 737,8 USPQ2d at 1404 (Fed. Cir. 1988)). 

Claim 1 and dependent claims 69-75 are related to a method 
of specifically activating cytotoxic T lymphocytes (CTLs) in vivo 
in an animal having malignant cells that express a Her-2/neu 
protein, comprising immunizing the animal with the polypeptide of 
SEQ ID NO: 12. 

Appellant respectfully submits that one reasonably skilled 
in the art was able to make and use the claimed invention in view 
of the disclosures of the specification and knowledge available 
in the art without undue experimentation as discussed on the 
record and in the points below. 
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I. The making of the polypeptide of SEQ ID NO: 12 is 
described in the specification, for example, at page 74, 
lines 2-4 and page 84, lines 26-37. 

II. The use of the polypeptide of SEQ ID NO: 12 comprising 
immunizing an animal with said polypeptide is described 
in the specification, for example, at page 13, lines 
11-13, page 79, lines 18-21, page 84, lines 23-24, page 
86, lines 36-37, and page 87, lines 24-25. 

III. The specific activation of CTLs in vivo is described in 
the specification, for example, at page 105, line 32 
through page 106, line 2 using a model system for 
assaying CTLs that are specifically activated against 
the polypeptide of SEQ ID NO: 12. 

IV. Appellant respectfully submits Lustgarten et al. (2004) 
European Journal of Immunology 34:752-761 (previously 
entered into the record with the Response mailed August 
9, 2005 and attached herewith). Lustgarten et al . 
demonstrate, after the filing date of the present 
invention, that immunization of Her-2/neu transgenic 
mice, which express Her-2/neu and develop spontaneous 
mammary tumors, with the polypeptide of SEQ ID NO: 12 
(referred to as p773-782 in the reference) results in 
the specific activation of CTLs (see, e.g., page 753, 
column 1, line 25, which states, "they contain a T cell 
repertoire of low avidity") . Accordingly, Lustgarten et 
al. supports Appellant's assertion that the presently 
claimed invention was enabled at the time of filing 
because Lustgarten et al. used similar methods to those 
disclosed in the present invention. 
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Accordingly, Appellant respectfully submits that the claimed 
invention is enabled because the specification describes how to 
make and use the claimed invention in view of the knowledge 
available in the art without undue experimentation which is 
supported by Lustgarten et al and as discussed in items I-IV 
above . 

Turning to the first item in the Examiner's assertions in 
items 1-4 above, the Examiner asserts that killing target 
malignant cells by T cells specific for the polypeptide of SEQ ID 
NO: 12 in patients with cancer burden and having Her-2/neu as self 
antigen is allegedly unpredictable. The present assertion is 
misplaced and should be withdrawn because the presently claimed 
invention does not require the feature of killing target 
malignant cells . 

Turning to the second item in the Examiner's assertions in 
items 1-4 above, the Examiner asserts that allegedly there is a 
lack of correlation between production of specific CTLs in a 
transgenic mouse that is cancer free and does not express the 
particular human HER-2/neu polypeptide of SEQ ID NO: 12 as self 
antigen and the production of CTLs that could kill target cancer 
cells in patients having cancer burden and having Her-2/neu as 
self antigen. The present assertion is misplaced and should be 
withdrawn because the presently claimed invention does not 
require the feature of killing target cancer cells in patients. 

Furthermore, there is no requirement for patentability that 
a working example be provided in the specification (see, e.g., 
MPEP 8rl 2164.02). An applicant need not have actually reduced 
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the invention to practice prior to filing. In Gould v. Quigg, 822 
F.2d 1074, 1078, 3 USPQ 2d 1302, 1304 (Fed. Cir. 1987). 

Still further, the working examples provided in the 
specification (see, for instance, Examples 2, 3, and 5 starting 
on pages 84, 88, and 101, respectively) adequately correlate with 
the claimed invention as discussed above in items I-IV. 

Turning to the third item in the Examiner' s assertions in 
items 1-4 above, the Examiner asserts that allegedly there is a 
lack of correlation between killing cancer cells in vitro and 
killing primary cancer cells in vivo. The present assertion is 
misplaced and should be withdrawn because the presently claimed 
invention does not require the feature of killing primary cancer 
cells in vivo. 

Turning to the fourth item in the Examiner's assertions in 
items 1-4 above, the Examiner asserts that allegedly there is a 
lack of adequate disclosure in the specification in view of the 
allegedly complex nature of the claimed invention and allegedly 
little is known in the art about the claimed invention. The 
present assertion is unsupported by the Examiner and, therefore, 
should be withdrawn. 

Next, the Examiner asserts that the claims allegedly are not 
enabled because allegedly the nature of the invention and the art 
is unpredictable as set forth in items A-F of the Final Office 
Action (see, pages 4-12 of the Final Office Action) . 

A. Breath of the Claims and Nature of the Invention 
On page 4 of the Final Office Action, the Examiner asserts 
that the scope of the claims is allegedly overly broad, 
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encompassing a method for treating or specifically activating 
CTLs in cancer patients with tumor burden, and having Her-2/neu 
comprising the polypeptide of SEQ ID NO: 12 as self -antigen, 
wherein said CTLs specifically kill target malignant cells that 
express a Her-2/neu protein of said patients, comprising 
administering the polypeptide of SEQ ID NO: 12. 

Appellant wishes to clarify the record in that the presently 
claimed invention is not related to treating CTLs. Appellant 
further wishes to clarify the record in that the present claims 
do not require the polypeptide of SEQ ID NO: 12 as self-antigen 
because the claims are related to an animal having malignant 
cells that express a Her-2/neu protein. Appellant further 
requests that the present assertion be withdrawn because the 
claims to not require the feature of specifically killing target 
malignant cells. 

Next, on page 4 of the Final Office Action, the Examiner 
asserts that the specification allegedly only discloses 
activating CTLs in a transgenic mouse that is cancer free. 
Appellant respectfully submits that a working example is not 
required, as discussed above. Also, there is no prerequisite for 
meeting the enablement requirement that the claimed method be 
tested in a animal having a Her-2/neu tumor as supported by the 
Federal Circuit which stated: 

M If applicants were required to wait until an animal 
naturally developed this specific tumor before testing 
the effectiveness of a compound against the tumor in 
vivo, as would be implied from the Commissioner's 
argument, there would be no effective way to test 
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compounds in vivo on a large scale". See In re Brana at 
1440. 

Furthermore, MPEP 8 th Edition, Revision 3 § 2164.02 states 
that, "An in vitro or in vivo animal model example in the 
specification, in effect, constitutes a ^working example' if that 
example ^correlates' with a disclosed or claimed method 
invention". Appellant respectfully submits that the working 
examples disclosed in the specification, for instance, in 
Examples 2, 3, and 5 starting on pages 84, 88, and 101, 
respectively, correlate with the claimed invention for the 
following reasons. The working examples clearly demonstrate that 
immunization of an animal with the polypeptide of SEQ ID NO: 12 
results in the specific activation of CTLs. Also, Lustgarten et 
al. demonstrate specific activation of CTLs in mice having 
malignant cells that express a Her-2/neu protein, comprising 
immunizing the mice with the polypeptide of SEQ ID NO: 12, as 
discussed above. 

Next, the Examiner asserts, at the bottom of page 4 of the 
Final Office Action, that allegedly the polypeptide of SEQ ID 
NO: 12 is of human origin, and the specification allegedly does 
not disclose that said particular human peptide has the same 
structure as the corresponding Her-2/neu peptide in transgenic 
mice. The present allegation is an unsupported assertion and 
should be withdrawn. 

At the top of page 5 of the Final Office Action, the 
Examiner asserts "the specification only discloses that said 
cytotoxic T lymphocytes could kill cancer cells line expressing 
Her-2/neu y in vitro' , which cannot be correlated with in vivo 
conditions". The present allegation is an unsupported assertion 
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and should be withdrawn. The present allegation should also be 
withdrawn because the claims do not require that said CTLs kill 
cancer cells. 

B. The State of the Art and the Level of Skill in the Art 
The Examiner asserts on page 5 of the Final Office Action 

that the step of immunizing with a peptide is routine in the art, 
and that it is not known in the art that the polypeptide of SEQ 
ID NO: 12 could specifically activate CTLs in an animal having 
malignant cells that express a Her-2/neu protein, wherein said 
CTLs specifically kill target malignant cells that express a Her- 
2/neu protein. The present rejection should be withdrawn because 
the instant claims do not require that said CTLs specifically 
kill target malignant cells. Furthermore, Lustgarten et al. 
demonstrates, after the filing date of the present invention, the 
specific activation of CTLs by the polypeptide of SEQ ID NO: 12 in 
an animal having malignant cells that express a Her-2/neu protein 
as claimed. Accordingly, the present rejection should be 
withdrawn for reasons of record and the reasons discussed above. 

C. The Level of Predictability in the Art 

On pages 5-10 of the Final Office Action, the Examiner makes 
various assertions that the "level of unpredictability is very 
high in the instant application" (see, page 7, line 10) . 
Appellant stands on Appellant's arguments of record with the 
additional argument that Lustgarten et al. further demonstrates 
the enablement of present invention using methods similar to 
those disclosed in the present specification, as discussed above. 

D. The Amount of Direction Provided By the Inventor 
The Examiner asserts on pages 10-11 of the Final Office 

Action that the specification provides insufficient guidance 
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because the working examples provided allegedly cannot be 
correlated with successful production of specific T cells in 
patients with cancer burden, and having Her-2/neu comprising the 
polypeptide of SEQ ID NO: 12 as self antigen, wherein said T 
cells could successfully kill malignant cells in said patients. 
Appellant respectfully submits that adequate guidance for the 
claimed in invention was provided in the specification to enable 
the claimed invention for reasons of record and for the reasons 
stated, herein. 

E. and F. The Existence of Working Examples and the Quantity 
of Experimentation Needed 

The Examiner asserts on pages 11 through 12 of the Final 
Office Action that, although a working example is not always 
required to demonstrate enablement, allegedly one skilled in the 
art would be forced into undue experimentation to practice the 
claimed invention for the following reasons (1-4, below). 
Applicants comments follow each of the Examiner's reasons. 

1) Killing target malignant cells by T cells specific for 
the polypeptide of SEQ ID NO: 12 in patients with cancer 
burden and having Her-2/neu self-antigen is allegedly 
unpredictable. Appellant responds that the present claims 
to not require killing target malignant cells and, 
therefore, the present rejection should be withdrawn. 

2) There is an alleged lack of correlation between 
production of specific T cells in transgenic mice that 
are cancer free compared and production of T cells that 
could kill target cancer cells in patients having cancer 
burden and having Her-2/neu as self antigen. Appellant 
responds that the present rejection should be withdrawn 
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because the production of T cells that could kill target 
cancer cells is not a requirement of the present claims. 

3) There allegedly is a lack of correlation between 
killing cancer cells in vitro and killing primary cancer 
cells in vivo. Appellant responds that the present 
rejection should be withdrawn because killing primary 
cancer cells is not a requirement of the present claims. 

4) There allegedly is a lack of adequate disclosure in 
the specification in view of the allegedly complex nature 
of the invention. Appellant responds that this is an 
unsupported assertion and Appellant stands on the 
arguments of record and the arguments herein above that 
the present specification provides sufficient guidance to 
make and use the instant invention in view of the 
knowledge in the art without undue experimentation. 

On page 13 of the Final Office Action, the Examiner asserts 
that claims 61-75 allegedly are drawn to a method for treating a 
patient having a tumor which allegedly is not enabled. The 
present assertion should be withdrawn in regard to claims 69-75 
because these claims to not recite the limitation of treating a 
patient having a tumor. 

Claims 61-68 

In the Final Office Action, the Examiner rejected claims 61- 
68 for reasons of record in the Office Action mailed July 12, 
2004. Appellant respectfully traverses this rejection for reasons 
as set forth above, for reasons which follow, and for reasons of 
record including the those set forth in the Responses filed 
November 12, 2004, pages 5-13 and August 9, 2005, pages 8-13. 
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On page 3 of the Final Office Action, the Examiner asserts 
that the present claims allegedly are not enabled because one 
skilled in the art allegedly would be forced into undue 
experimentation to practice the claimed invention because: 

1. killing target malignant cells by T cells specific for 
the polypeptide of SEQ ID NO: 12 in patients with cancer 
burden and having Her-2/neu as self antigen is allegedly 
unpredictable , 

2. there allegedly is a lack of correlation between 
production of specific CTLs in a transgenic mouse that is 
cancer free and does not express the particular human 
HER-2/neu polypeptide of SEQ ID NO: 12 as self antigen and 
the production of CTLs that could kill target cancer 
cells in patients having cancer burden and having Her- 
2/neu as self antigen, 

3. there allegedly is a lack of correlation between killing 
cancer cells in vitro and killing primary cancer cells in 
vivo, and 

4. there allegedly is a lack of adequate disclosure in the 
specification in view of the allegedly complex nature of 
the claimed invention and allegedly little is known in 
the art about the claimed invention. 

The test of enablement is whether one reasonably skilled in 
the art could make and use the claimed invention from the 
disclosures in the patent coupled with information known in the 
art without undue experimentation (see, e.g., In re Wands, 858 
F.2d at 737,8 USPQ2d at 1404 (Fed. Cir. 1988)). 
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Turning to the first item in the Examiner's assertions in 
items 1-4 above (see page 20 of this Appeal Brief) , the Examiner 
asserts that killing target malignant cells by T cells specific 
for the polypeptide of SEQ ID NO: 12 in patients with cancer 
burden and having Her-2/neu as self antigen is allegedly 
unpredictable. The present assertion is misplaced and should be 
withdrawn because the presently claimed invention does not 
require the feature of killing target malignant cells. 
Furthermore, the present assertion is misplaced and should be 
withdrawn because the presently claimed invention does not 
require the feature of killing target malignant cells by T cells 
specific for the polypeptide of SEQ ID NO: 12. 

Turning to the second item in the Examiner' s assertions in 
items 1-4 above (on page 20), the Examiner asserts that allegedly 
there is a lack of correlation between production of specific 
CTLs in a transgenic mouse that is cancer free and does not 
express the particular human HER-2/neu polypeptide of SEQ ID 
NO: 12 as self antigen and the production of CTLs that could kill 
target cancer cells in patients having cancer burden and having 
Her-2/neu as self antigen. The present assertion is misplaced and 
should be withdrawn because the presently claimed invention does 
not require the feature of production of CTLs that could kill 
target cancer cells. 

Furthermore, there is no requirement for patentability that 
a working example be provided in the specification (see, e.g., 
MPEP 8 th Edition, Revision 3 § 2164.02). An applicant need not 
have actually reduced the invention to practice prior to filing. 
In Gould v. Quigg, 822 F.2d 1074, 1078, 3 USPQ 2d 1302, 1304 
(Fed. Cir . 1987) . 
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Still further, the working examples provided in the 
specification (see, for instance, Examples 2, 3, and 5 starting 
on pages 84, 88, and 101, respectively) adequately correlate with 
the claimed invention as discussed herein above. 

Turning to the third item in the Examiner's assertions in 
items 1-4 above (on page 20) , the Examiner asserts that allegedly 
there is a lack of correlation between killing cancer cells in 
vitro and killing primary cancer cells in vivo. The present 
assertion is misplaced and should be withdrawn because the 
presently claimed invention does not require the feature of 
killing primary cancer cells in vivo. 

Turning to the fourth item in the Examiner's assertions in 
items 1-4 above (on page 20) , the Examiner asserts that allegedly 
there is a lack of adequate disclosure in the specification in 
view of the allegedly complex nature of the claimed invention and 
allegedly little is known in the art about the claimed invention. 
The present assertion is unsupported by the Examiner and, 
therefore, should be withdrawn. 

Next, the Examiner asserts that the claims allegedly are not 
enabled because allegedly the nature of the invention and the art 
is unpredictable as set forth in items A-F of the Final Office 
Action (see, pages 4-12 of the Final Office Action) . 

A. Breath of the Claims and Nature of the Invention 
On page 4 of the Final Office Action, the Examiner asserts 
that the scope of the claims is overly broad, encompassing a 
method for treating or specifically activating CTLs in cancer 
patients with tumor burden, and having Her-2/neu comprising the 
polypeptide of SEQ ID NO: 12 as self-antigen, wherein said CTLs 
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specifically kill target malignant cells that express a Her-2/neu 
protein of said patients, comprising administering the 
polypeptide of SEQ ID NO: 12. 

Appellant requests that the present assertion be withdrawn 
because the instantly claimed invention does not require 
specifically activating CTLs or CTLs that specifically kill 
target malignant cells. 

Next, on page 4 of the Final Office Action, the Examiner 
asserts that allegedly the specification only discloses 
activating CTLs in a transgenic mouse that is cancer free. 
Appellant respectfully submits that the present assertion be 
withdrawn because the instant claims do not recite activating 
cytotoxic T lymphocytes with the polypeptide of SEQ ID NO: 12. 

Next, the Examiner asserts, at the bottom of page 4 of the 
Final Office Action,, that the polypeptide of SEQ ID NO: 12 
allegedly is of human origin, and that allegedly the 
specification does not disclose that said particular human 
peptide has the same structure as the corresponding Her-2/neu 
peptide in the transgenic mice. The present allegation is an 
unsupported assertion and should be withdrawn. 

At the top of page 5 of the Final Office Action, the 
Examiner asserts "the specification only discloses that said 
cytotoxic T lymphocytes could kill cancer cells line expressing 
Her-2/neu y in vitro' f which cannot be correlated with in vivo 
conditions". The present allegation is an unsupported assertion 
and should be withdrawn. The present allegation should also be 
withdrawn because the claims do not require cytotoxic T 
lymphocyte action . 
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B. The State of the Art and the Level of Skill in the Art 
The Examiner asserts on page 5 of the Final Office Action 

that the step of immunizing with a peptide is routine in the art, 
and that it is not known in the art that the polypeptide of SEQ 
ID NO: 12 specifically activates CTLs in an animal having 
malignant cells that express a Her-2/neu protein, wherein said 
CTLs specifically kill target malignant cells that express a Her- 
2/neu protein. The present rejection should be withdrawn because 
the instant claims do not require administration of the 
polypeptide of SEQ ID NO: 12 to specifically activate cytotoxic T 
lymphocytes nor do the instant claims require CTLs that 
specifically kill target malignant cells that express a Her-2/neu 
protein. 

Furthermore, Lustgarten et al. demonstrate, after the filing 
date of the present invention, that a method comprising 
administering the polypeptide of SEQ ID NO: 12 to an animal having 
a tumor that expresses a Her-2/neu protein retarded tumor growth 
(see, e.g., the abstract). Accordingly, the'present rejection 
should be withdrawn for the reasons of record and the reasons 
discussed above. 

C. The Level of Predictability in the Art 

On pages 5-10 of the Final Office Action, the Examiner makes 
various assertions that the "level of unpredictability is very 
high in the instant application" (see, page 7, line 10) . 
Appellant stands on Appellant's arguments of record with the 
additional argument that Lustgarten et al. further demonstrate 
the enablement of present invention using methods similar to 
those disclosed in the present specification, as discussed above. 
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D. The Amount of Direction Provided By the Inventor 
The Examiner asserts on pages 10-11 of the Final Office 

Action that the specification provides insufficient guidance 
because the working examples provided allegedly cannot be 
correlated with successful production of specific T cells in 
patients with cancer burden, and having Her-2/neu comprising the 
polypeptide of SEQ ID NO: 12 as self antigen, wherein said T 
cells could successfully kill malignant cells in said patients. 
Appellant respectfully submits that the present assertion should 
be withdrawn because the instant claims do not require production 
of specific T cells or killing malignant cells. 

E. and F. The Existence of Working Examples and the Quantity 

of Experimentation Needed 
The Examiner asserts on pages 11 through 12 of the Final 
Office Action that, although a working example is not always 
required to demonstrate enablement, allegedly one skilled in the 
art would be forced into undue experimentation to practice the 
claimed invention for the following reasons (1-4, below) . 
Appellant's comments follow each of the Examiner's reasons. 

1) Killing target malignant cells by T cells specific for 
the polypeptide of SEQ ID NO: 12 in patients with cancer 
burden and having Her-2/neu self-antigen is allegedly 
unpredictable. Appellant responds that the present 
rejection should be withdrawn because the present claims 
to not require killing target malignant cells or the 
production of T cells specific for the polypeptide of SEQ 
ID NO: 12. 

2) There is an alleged lack of correlation between 
production of specific T cells in transgenic mice that 
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are cancer free compared and production of T cells that 
could kill target cancer cells in patients having cancer 
burden and having Her-2/neu as self antigen. Appellant 
responds that the present rejection should be withdrawn 
because the production of T cells that could kill target 
cancer cells is not a requirement of the present claims. 

3) There allegedly is a lack of correlation between 
killing cancer cells in vitro and killing primary cancer 
cells in vivo. Appellant responds that the present 
rejection should be withdrawn because killing primary 
cancer cells is not a requirement of the present claims. 

4) There allegedly is a lack of adequate disclosure in 
the specification in view of the allegedly complex nature 
of the invention. Appellant responds that this is an 
unsupported assertion and Appellant stands on the 
arguments of record and the arguments herein above that 
the present specification provides sufficient guidance to 
make and use the instant invention in view of the 
knowledge in the art without undue experimentation. 

On page 13 of the Final Office Action, the Examiner asserts 
that claims 61-75 allegedly are drawn to a method for treating a 
patient having a tumor which allegedly is not enabled because 
tumor allegedly encompasses any swelling, or growth, or 
enlargement of tissue, wherein said tissue expresses a Her-2/neu 
protein. The present assertion should be withdrawn in regard to 
claims 61-68 because the specification states that the instant 
invention is related to cancer, tumors, neoplasia, etc. which 
make it clear that the instant claims are related to cancerous 
tumors (see, e.g., page 5, lines 1-3 of the specification). 
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Summary 

For the reasons of record and for the forgoing reasons, 
Appellant respectfully requests that the Board of Patent Appeals 
and Interferences reverse the Examiner's rejections under 35 
U.S.C. § 112 with respect to claims 1 and 61-75, and remand this 
application back to the Examiner for further examination. 

If there are any fees associated with this Appeal Brief, the 
Director is authorized to charge our Deposit Account No. 19-0962. 
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Claims Appendix 

Claim 1 (previously presented) : A method of specifically 

activating cytotoxic T lymphocytes in vivo in an 
animal having malignant cells that express a Her- 
2/Neu protein, the method comprising the step of 
immunizing said animal with the polypeptide of SEQ 
ID N0:12. 

Claim 61 (Previously presented) : A method of treating a 

patient having a tumor and in need of treatment of 
said tumor, wherein cells of said tumor express a 
Her-2/Neu protein, the method comprising the step of 
administering a polypeptide having the amino acid 
sequence VMAGVGSPYV (SEQ ID NO: 12) to the patient. 

Claim 62 (previously presented) : The method of claim 61, 

wherein said polypeptide is incorporated into a 
pharmaceutical composition further comprising a 
pharmaceutical^ acceptable carrier. 

Claim 63 (previously presented) : The method of claim 61, 

wherein said polypeptide is linked to a carrier. 

Claim 64 (previously presented) : The method of claim 61, 

wherein said polypeptide is administered to said 
patient as a homopolymer. 



Claim 65 



(previously presented) : The method of claim 61, 
further comprising the step of administering a 
second component to said patient, wherein said 
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second component primes cytotoxic T lymphocytes 
(CTLs) for activation. 

Claim 66 (previously presented) : The method of claim 65, 

wherein the second component comprises 
tripalmitoyl-S-glycerylcysteinyl-seryl- serine 
(P3CSS) . 



Claim 67 (previously presented) : The method of claim 61, 

further comprising the step of administering a 
second polypeptide to said animal. 



Claim 68 (previously presented) : The method of claim 67, 

wherein the second polypeptide comprises 
TPPAYRPPNAPIL (SEQ ID NO: 9). 



Claim 69 (previously presented) : The method of claim 1, 

wherein said polypeptide is incorporated into a 
pharmaceutical composition further comprising a 

pharmaceutically acceptable carrier. 

Claim 70 (previously presented) : The method of claim 1, 

wherein said polypeptide is linked to a carrier. 

Claim 71 (previously presented) : The method of claim 1, 

wherein said polypeptide is administered to said 
animal as a homopolymer. 



Claim 72 



(previously presented) : The method of claim 1, 
wherein said immunizing step further comprises 
administering a second component to said animal, 
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wherein said second component primes said CTLs for 
activation . 

Claim 73 (previously presented) : The method of claim 72, 

wherein said second component comprises 
tripalmitoyl-S-glycerylcysteinyl-seryl -serine 
(P3CSS) . 

Claim 74 (previously presented) : The method of claim 1, 

wherein the immunizing step further comprises 
administering a second polypeptide to said animal. 



Claim 75 



(previously presented) : The method of claim 74, 
wherein the second polypeptide comprises 
TPPAYRPPNAPIL (SEQ ID NO: 9). 
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Evidence Appendix 
Copies of evidence relied upon by Appellant are enclosed 
herewith. 
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Related Proceedings Appendix 
There are no related appeals or interferences. 
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The GD8* T cell repertoire against Her*2/neu 
antigens in neu transgenic mice is of low avidity 
with antitumor activity 

Joseph Lustgarten, Ana Lucia Dominguez and Comilo Cuadros 

Sidney KimmefCancer Center; San Diego, USA 



The majority of /tumor-associated antigens are Errantly expressed or cverexpressed nor- 
ma! gene products. Therefore; mechanisms responsible for self tolerance dampen Immune 
responses against these ant^ Immune 
responses against tumor antigei^ in neu mice. 

T call responses against the A2,1/neu p369-<377 and p773-782 peptides were evaluated in 
neu mice that were crossed with A2,1/Kb 'transgenic mice ^A2xneu}, Tetramer binding and 
cytotoxic activity demonstrate that, compamd to GTL from A2.1/Kb*FVB wild-type mice 
(A2xFV8), CDS* T eels from A2xneu mice \vem- of lower avidity for the peptides; Despite the 
fact that A2xneu mice are tolerant multiple Immunisations with DC pulsed with the 
p36S«377 or p773-782 peptides in the presence of IL-2 retarded tumor growth in A2xneu 
mice, and immunisations in combination with the anti~QX40 mAb further enhanced the anti- 
tumor response. Taken tog ether, these data indicate that ibw-avidlty Tceirs for neu antigens 
persisting In A2xneu mice have the capacity to develop antitumor responses as long as they 
are pmvttted with ■ efficient costimulatioa theses res uits underscore the potential role of low- 
avidity T cells In antitumor immunity and may offer an important component for vaccination 
immunotherapies. 

Key words; Tumor Immunology / Tolerance / Vaccination / CTL / Amigens/peptides 



Received 


4/B/m 


Revised 


14/1/04 


Accepted 


2/2/04 



1 Introduction 

The discovery of tumor-associated antigens (TAA) fL 2] 
has been an important breakthrough in tumor immunol- 
ogy, because It isposslbieto devise immunotherapeutfc 
approaches to promote T cell responds, against such 
antigens and induce a protective immunity against neo- 
plastic malgnancfes [3]. The majority of the currently 
denned TAA are often cverexpressed products of normal 
cellular genes [4J, As such, these cverexpressed proteins 
pose a significant challenge to -the 'design -of ..effective. 
T ceil immunotherapies as self tolerance has to be con- 
sidered is). Based on transgenic mouse models* it is now 
clear that tolerance is capable of dieting reactive high- 
avidity T eels against the transgene (self), theieby lead- 
ing to self tolerance [6J. However, T cell elimination 
through tolerance is not absolute, since self-specific 
Tcells can be isolated from tolerant hosts [7, 8]. More- 
over, it has been demonstrated that low^avrdity T cells 
can be activated, expanded and involved In antitumor 
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Abbreviation: TAA: Tumor-asscclated antigen 



responses |9, 10]. Thus, the observation that iow-avidrty 
Tcells persist in vivo and that they can necogn&e self 
antigens underscores their potential role in antitumor 
immunity. 

The significance of understanding the mechanism 
responsible for the persistence of low-avidity T celis 
relates not only to our understanding of autoimmunity 
but also to the use of such ceils to target self tumor anti- 
gens for tumor destruction. Therefore, a centra! question 
is vmether the available repertoire of T ceils specific for 
up-regulated self Umm antigens is sufficient in number 
or avidity to mount an effectiveantitumor response. We 
have addressed this fundamental question m^n experi- 
mental model in which the rat mu proiooncogene is 
expressed in the mammary tissue under the control of 
the MMTV promoter (FV8-MM7V-tfet/ transgenic mice) 
[11, 12]. Neu mice develop spontaneous mammary 
tumors, and the multi-step process for the development 
of mammary tumors in these animals recapitulates the 
clinical progression and pathogenesis of the human dis- 
ease. Thus, this model is ideal for the evaluation of 
immunological responses against neu antigens as well 
as the evaluation of ncwelimmunotherapeutlc modalities 
for tumor eradication. 



6 2004 WILEY-VGH Verfsg GmbH & Go, KGaA, Welnheim 



www,eji.de 



Eur. J, Immunol 2004, 34: 7S2-761 



Antitumor activity of low-avidity T cells against a sett tumor antigen 753 



Advances In understanding how T cells become activated 
have led to the development of new strategies to enhance 
antitumor responses. One commonly used therapy is the 
application of IL-2, which can mediate a wide range of 
immune effects such as stimulating and activating ¥ and , 
UK cells and Increasing T cell infiltration into tumors (13, 
14J. Accumulative evidence indicates that the use of other 
costimulatory molecules^ iuch as the tumor necro^s lac* 
tor receptor fTN¥R) family, can also enhance and augment 
the immunogenlcity of the tumor It has been demon- 
strated that engagement with the OX40 llgand (OX40L) or 
antI-OX40 rnAb delivers signals to OX40* T ce$s, prolong- 
ing and propagating T cell responses f1 5). Moreover, anti- 
bodies against OX40 rescue effector T cells from 
activation-induced cell death |1 6} and enhance antitumor 
immune responses in vivo [17, 18]* 

We have previously identified two HLA-A2.1/neu- 
restdcted immunodominant epitopes {p369-37? and 
p773~782} lb evaluate peptides specific for these 
epitopes, neu mice were crossed with A2.1/Kb trans- 
genic mice [20] (A2xneu), and tetramer binding and cyto- 
toxic activity were evaluated. The results indicate that 
A2xneu mice are functionally tolerant to neu; 'however, 
they contain a T cell repertoire of low avidity when com- 
pared to the repertoire of A2xFVS mice {FVB mice 
crossed with the A2.1/Kb mice). On the basis that a low- 
avidity repertoire persists in A2xneu mice, we examined 
the antitumor potential of these cells. Our results show 
that only multiple immunizations with pulsed DC In" the 
presence of IL-2 InducB an antitumor response which 
delays tumor growth in A2xneu mice. Furthermore, 
A2xneu mice immunized wfthOC in the presence of arrtf- 
0X4Q mAb induce an antitumor response resulting m 
substantial tumor reduction. This enhancement was due 
to a greater number of expanded p38g-377- and 
p773~782-specific CDS' t cells. Taken together, these 
results indicate that the low-avidity T ceil repertoire for a 
self tumor antigen is functional, cart be activated and 
ey^andod with the help of costimulation, and that these 
cells have the potential to provide a significant therapeu- 
tic benefit 



2 Results 

2,1 Comparison of A2-neu-specific CTL 
responses between A2xneu and A2xFVB 
mice 

Although previous reports have suggested that neu mice 
are tolerant to neu antigens [21*23], there are no avail- 
able data on the evaluation of specific T cell responses, 
neu and FVB mice were crossed with A2,1/Kb transgenic 
mice, and Tee!! responses against the A2.1/neu 



p369~377 or p773-782 peptides were evaluated* Both 
the ASxneu and A2xFVB mice were immunized with DC 
pulsed withthese peptides. Spleeaceiis were stimulated 
in vitro and analyzed for their ability to bind the A2.1- 
p369-?77-PE and A2,1~p773-782~PE tetmmers* As 
shown in Fig; 1 A and S, . CDS 4 T cells from A2xFV8 mice 
bound the tetramers with higher intensity compared to 
CDS* T cells from ASxneu mice. Hie te^amers do not 
stain the HIV-POL CTL and no A2,1-p773~782-PE tetra- 
mer binding is detected in aninrmis. Immunized with the 
P369-377 peptide or vice versa, demonstrating that 
binding to the tetramer is specie. 

Stimulated spleen cells were analyzed for their lytic 
activity in a peptide dose curve assay. Compared to CTL 
from A2xFVS mice, CTL obtained from A2xneu mice 
demonstrated significantly lower recognition of both the 
D389-377 (Fig. 1C} and p773-782 (Fig. 10) peptides. As 
a control for specificity, v^e used a restricted HLA-A2J/ 
HIV-POL CTL line [19], demonstrating that recognition of 
the neu-restricted CTL is specific. Taken together, these 
results strongly indicate that T cells from A2xneu mice 
are hyporespensive to neu antigens. 



2,2 CTL from A2xneu mice are of low avidity 

The preceding results demonstrated that after immuniza- 
tion, the cytotoxic activity of the COS* T cells from 
A2xFV8 mice was superior to the cytotoxic activity of 
CDS* T cells from A2xneu mice. This raises the question 
whether the lack of an optimal response in A2xneu mice 
to immunodominant peptides was due to a quantity 
response (not enough p369-377 and p773-782 1 cells 
existing in the repertoire) or a quality response 
(p369~377 and p773~782 CTL from A2xneu mice do not 
effectively recognize immunodominant peptides). Tetra- 
mer binding and cytotoxic activity were analyzed for 
p773-782 CTL lines derived from A2xneu and A2xFVB 
mice. The p773~782 CTL were stained with serial dilu- 
tions of the A2.1«iD773»782-PEtetrainer (1:50, 1:250 and 
1:2,500). As shown in Rg. 2A, p773-782 CTL from 
A2xFVB mice demonstrate a stronger binding activity, 
while a weaker binding activity is detected in p773-782 
CTL from A2xneu mice. We also analyzed TCR and CDS 
expression of these CTL (Fig. 2B), and FAOS analysis 
confirmed that CTL from both A2xneu and A2xFV8 mice 
have the same level of expression of these molecules, 
These results suggest that the lower response of CTL 
from A2xneu mice could not be attributed to low expres- 
sion of TCR and CDS molecules. The CTL lines from 
A2xFVB mice showed a higher cytotoxic activity than 
CTL from A2xneu mice {Fig. 2C). Taken together, tetra- 
mer binding and cytotoxic activity show that there is a 
correlation, demonstrating a difference in the T cell avid- 
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T. The T celt repertoire of A2xneu mice is hyporesponsJve to Immunodominant epitopes* A2xneu and A2XFV8 truce were 
immunized with DC puised with the p369»077 and p773-7S3 peptides, and resttmuiated T cells v/ene stained with the A2.V 
p369-377*PE and A2.1-p773^782-PE tetramers and anti^COa-FTTC. Viable cells w$ra gated, and the fraction of ceils 
stained wlthietr&merc^ tine; p773-782 CTL. Thick line; HIV-FOL 

OIL. Broken line;. p369»377 CTL from A2xneu mice. Dotted One; p369-377 CTL from A2xFVB mice* (8) Staining with A2.1- 
p773-782-PE tetramer. Thin line; p$89-377 GIL Thick line; HiV-POL CTL. Broken line; p773-762 CTL from A2xneu mice, Dotted 
line; p773-?82 CTL &om:A2x^ pepttde-irrramixed . 

animals* Stimulated spleen celts were assayed at an E:f ratio of 10:1 for cytotoxicity against T2»A2/Kb target ceils pulsed with 
their respectim peptides using decreasing cewcer^ as a 

control Data am the means of four individually analyzed mice per group ± SD, The results shown are representative of three 
independent experiments. 



ity between A2xneu and A2xFV8 mice for the recogni* 
tion of neu antigens, and indicating that A2xneu mica 
contain only low-avidity T ceils for neu antigens. 



than CTL from A2xFVB mice {Fig, 38), The CTL did not 
recognize N202 cells, indicating that they recognized A2- 
neu-restricted antigens expressed on tumor cells* 



2*3 CTL from A2xneu mice recognize neu 
antigens on tumors cells 

We tested tho ability of the p36§-377« and p773~782- 
restricted CTL from both A2xneu and A2xFVB mice to 
recognize and kill tumors expressing HLA-A2.1 and neu 
molecules. For these experiments, we established a ceil 
line (N2Q2,A2) generated from a spontaneous tumor in 
A2xneu mice. The N202.A2 ceils expressed A2 J and 
neu molecules (Fig. 3A). As a control, we used the N202 
cells, a cell line generated from a spontaneous tumor 
from neu mice [24] that does not express ASM molecules 
(Fig. 3A). CTL from A2xneu mice were capable of recog- 
nizing N202.A2 targets, albeit at signiffcantly lower levels 



2.4 Adoptive transfer of low-avidity T ceils 
delays tumor growth 

Having demonstrated that CTL from A2xneu recognize 
the N2G2A2 cells, we wanted to evaluate whether these 
CTL would have an antitumor effect We confirmed that 
N2Q2.A2 cells formed tumors in A2xneu mice but not in 
A2xFVB mice (data not shown). We analyzed the ability 
of A2xneu-derived CDS* T cells to reject N202.A2 cells 
after adoptive transfer, A critical question was how to 
maximize the antitumor activity of the low-avidity T cells. 
To this end, we tested whether multiple transfers would 
enhance the antitumor immune response, We compared 
animals that had received one, two or three transfers. A 
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AtA^n^ciramer TCRf* **<sptS«Je Concentration (Molar) 

Fig. 2. CTL from A2xheu mice hav0 low^ldity ICR. p773-7B2 CTTtlif^s v^ and A2xneu mice. (A) 

CTL were stained with serial dilutions of A2.?-p773^783-PE tetrameii liSO thick fine (2 fig); 1:250 dotted line; 1 2500 broken tine; 
and the solid thin line shows ceils stained with A2, 1 -p388*377*PE tetramet (2 *ig) » a control. (B) CTL were analyzed for the svr- 
face expression of CDS and TCR molecules. The thick line coiiresponds to CTL derived from A2xFV8 mice, the broken line corre- 
sponds to CTL derived frornA2xneu mice, and the thin line corresponds to unstained control (C) Cytotoxic activity of CTL was 
analyzed : against T2-A2»t/Kb target ce&s pulsed .with' decreasing corwentmtions of p773~782 pep tide at an E:T ratio of 10:1. 
A2 J-HIV-i^~restrtcted CTL were used as a control Similar results were found with p369-^77 CTL (data not shown). Data pre- 
sented are the means of two independent experiments -.± 3D,.- 



single transfer of CTL derived from A2xFV8 mice 
rejected the tumor (Fig. 4A). Interesting^ three transfers 
of the P369-377 (Fig. 48) or p773-7&2 CTL {Fig. 40} 
inhibited 40-45% of t&mor growth, while fewer transfers 
demonstrated a lower efficiency for tumor growth inhibi- 
tion (two transfers inhibited 25-30% and a single transfer 
inhibited .10-15% of tumor growth). These results dem- 
onstrate that the iow*avidity CTL could delay tumor 
growth, indicating that these cells contribute to the ami* 
tumor response. 



2,5 Immunization of A2xneu mice induces ant 
antitumor response 

The preceding results demonstrate that CTL derived 
from A2xneu mice have the capacity to recognize aid kill 
the N202,A2 tumor xMsinwtmmtfin*^. Next, we 
evaluated whether immunization of A2xneu mice would 
induce an immune response capable of delaying growth 
or rejection of an established tumor, W© compared ani- 
mals that were Immunized once, twice or three times 
with DC pulsed with p36§-377 or p773-782 peptides in 
the presence of IL-2, Animals immunized three times 
with DC pi^\SBd with p3S9~377 (Fig. SA) or p773»782 
(Fig. SB) pop^de showed -25-30% tumor growth inhibi- 
tion, while two immunizations Induced -12-15% tumor 
growth inhibition and one injection resulted in -7-3% 
tumor growth inhibition (data not shown). We confirmed 



that the antitumor responses were COB* Toei! depen- 
dent since treatment with arrti«CD$ mAb abrogated the 
antitumor response. These results suggest that, 
although the repertoire of neu mice is of low affinity, this 
repertoire can be activated and has antitumor potential. 



2,6 Antf-OX40 mAb enhances the antitumor 
response in A2xneu mice 

In the last few years, OX40 has gained importance as a 
costfmuiatory molecule capable of expanding immune 
responses and enhancing the antitumor ^nmune 
responses of animals with established tumors [17, 18}. 
We evaluated whether the combination cf DC-based 
vaccine and anti-OX40 mAb would stimulate a stronger 
antitumor response. As shown in Fig. 6» DC-based vac- 
cines in the presence of anti-OX40 mAb Induced a signif- 
icantly stronger protective antitumor response resulting 
In -45-50% tumor growth inhibition, while DC-based 
Immunization In the absence of anti-OX40 mAb only 
inhibited -25% of tumor growth. A weaker response 
was observed in animals that received either one or two 
immunizations with pulsed DC In the presence of IL-2 
and anti*OX40 mAb {data not shown). Mice immunized 
three times with DC pulsed with HLA-A2.1/HJV-POL pep- 
tide in the presence of IL-2/anti«OX40 mAb showed mini- 
mal protection (—7% tumor growth inhibition), indicating 
the specificity of the antitumor responses Induced by the 
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Fig. 3 Lysis of N20&A2 ceils t>y p369*377 and 0773-782 CTL. CAj N202.A2 and N202 ceils were analyzed for the expression of 
HLA*A2.1 and neu, (B) The p369-377 and p773-782 CTL from A2xFVB and A2xneu mice Avore assayed for the specific killing 
activity of '"CHabeied N202A2 and N202 cells. Data planted am the means of three indepertdent experiments * StX- 



p389%377 (Fig;8A) or p773~782 (Fig> 68} peptides. 
These results demonstrate that it is possible to manfpu* 
late the immune response in A2xneu mice and to consid- 
erably enhance the antitumor responses in tolerant 
hosts. 



To evaluate the effect of arrti*OX40 mAb on me antitumor 
response, we tested both tetramer Ending and cytotoxic 
activity. As shown in Table 1, A2xneu mice immunized 
with DC pulsed with peptides in the presence of anti- 
0X40 mAb showed a higher number of spleen ceSs that 
bind the A2.1-p369-377-PE or A2*1-p773-7B2~PEtetra- 




Oay* Q*y» Days 



Fig. 4. Adoptive transfer of ney-reactive CTL from A2xneu mice delays growth of established tumors. N202A2 cells (10^ were 
Injected s.c. in A2x neu mice on day 0. Animals received one (day 7), two {days 7 and 17) and three {days 7,17 and 27} mtratumo- 
ra! transfers of in ^/reactivated CTL. Each transfer consisted of 10* CTL Animals were supplemented with daily i.p. Injections 
of IL-2 (10* IU/da$ for 1 week after each transfer, (A) Animals were transferred once with p36S-377 or D77&-782 CTL derived 
from A2xR^B mice. As a control for specificty, animate were transferred three times with the A2.1-HIV*FOL-restrtceted CTL 
derived from A2xFV8 mice (8) Animals were tensferred one, two or three times with p369-377 CTL derived from A2xneu mice. 
(C) Animals were transferred one, two or three times with p773^782 CTL derived from A2xneu mice. Data are the means of two 
independent experiments ± SEM wfthat least fivo animals pw $mvp per experirnem. A significant 0<O.OS, Students c-test) dif- 
ference was found between mice that had received no CTL and mice that had received three transfers. 
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Ft§.. 5* Multiple immunizations with DC Induce an antitumor response in A2*neu mice. A2xneu mice were insulated s*c. on 
day 0 with 1 0 6 N202.A2 ceils, and tw^k later animals were immunized 'as- follows: Animals received one (on day 7). two (on 
days ? and 17) and three (on days 7, 1 7 and 27) ImmunlzaUoits. Each immunizatoi consisted of an s.c, injection of 10° DC 
pulsed with the peptides, Animals 'mrt-mptfema^ week after each immuni- 

zation, (A) Animals were immunized one, two or three times with rx^puised^ v^ in the .absence of 1L-2, 

As a control, a group of snimais was Immunised three times with 10*66 pulsed wfh A2.1-HIWOL peptide in tie presence of 
iL-2. {81 Animals wene immunized one, two or three times with DC puised with the p773-782 peptide in the presence of ft-2, Data 
are the means of two Independent experiments ± .$£M w&tvat least five animals per g,mup pter experiment A significant &><0.25, 
Student's Hest) difference was found between the control group and mice that had received thme Immunizations. 



mer as compared to animals without antt»OX40 mAb. We 
observed mat immunlzaticn in the presence of IL-2, in 
contrast to ant^OX40 mAb* did riot significantly augment 
the number of t^tramer^bindlng ceils. Hie p369-377 and 



p773-«82 peptide-specific cytotoxic Tcell responses 
were also augmented in animals treated with an ti-OX40 
mAb but minimally increased with IL-2 (table 1), 




Fig. 6\ Aml-0X4O enhances the antitumor response in A2xneu mice, A2xneu mice were inoculated s.c. on day 0 with 
10 s N202^V2 cells. Animals were immunized three times (on days 7, 1 7 and 27) with s.a injections of 10 s DC pulsed with the pep- 
tides. Animals were supplemented with daily ip. Injections of IL-2 {10 4 (U/day) for 1 week ate 1 each immunization, Antf-OX40 
{100 ^g/injection) was administered 2 days after each immunization. Data are the means of six to ei$ht animals per group ± SEM 
A significant &<am , Studeht% f-test) difeaence was found between the amtroi g^ had receded three Immuni- 

zations In the presence of anti-OX40 mAb. 
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Table 1> Effect of costimulatory molecules on the immune response of A2xneu mice 



Immunization^ 


%Tetraimr/008 &) 


Cytotoxic octivily^ 




p380-377OTL 


p773-7B2CTL 


P369-377CTL 


p77$-782 0TL 


DO-pep 


i,2±o.2 


2.1*0.3 


12±3 


15±2 


DC~pep*iL*2 


17*0,4 




19*4 


23±3 


0C-pep*antHDX4O 


4.4±0.7 


6;8iX>.9 


34±4 


42±6 


rX-pep+IL«24anti-OX40 


48t0.e 


7.1*1.2 


37i6 


45*5 



« A2xneu mice ^j»3-5 mice/group) were immunized \$th DC pulsed with p36!N377 or p773~782 peptides in the presence or 

absence of it>2 {administered daity iU/day ip. for 1 week darting i day after imrnunization) aid antl~OX40 mAb (single 

injection oMOO ]i0 starting 2 days afbr immunization), 
* Ten days after Imrr^ni^rtton, animals ware lulled and spt^n ceils were stained with the A2,t-p369-377-P£ or A2.1~p773-782« 

PE tetrarner and anthCDB-FiTC Ab. Results ■ -are- expressed; as % {± SD) of tetramer-binding/GDS* cells for the mean of 

individual mice analyzed, 
^Portion of the same spleens used for 

s, ONabe£ed T2-A2.1/Kb target cells pulsed with p369-377 or p773-782 peptides at an E:T ratio of -1.0:1 ♦ Results are expressed 

as % of specific tysis ± SD for the mean of Individual mice analyzed 



3 Discussion 

majority of TAA are self antigens and, therefore, 
T cell tolerance handicaps the Immune response against 
such antigens. Understanding the behavior of t cell 
responses against self tumor antigens is of great impor- 
tance for the development of effective immunotherapeu- 
tic strategies toward a treatment of cancer, to assess the 
effect of tolerance against neu responses, Tcell 
responses against the p369-377 and p773-782 A2.1- 
neu-restrrcted peptos were evaluated in ASxneumice. 
The analysis of the T cell responses demonstrates that 
A2xneu 008* T cells bind With lower efficiency and 
intensity to the A2,1-p369"377-PEorM,1-p773»7B2*PE 
tetrarner; when cempa^d to ASxFVB derived C08* 
T ceils^ and that A2xnaj CDS* Tcelfs rexjuire^ lO^tOTi 
times more popikiB to achieve comparable lysis than 
T cells from A2xFV8 mice, the lower response of the 
CTL from A2xneu mice could not be attributed to low 
expression of TOR and CD8 molecules, indicating that 
the TOR on these CTL are of low affinity* Taken together, 
these results demonstrate that A2xneu mice are tolerant 
to neu antigens when compared to A2xFV8 mice, and 
tolerance is achieved by the efimirta^on of T ceils with 
high avidity J251 

The low-avidity T cells that persist in A2xneu mice were 
able to recognize and tumor cells expressing HLA- 
2,1/neu aniens. We wanted to determine the antitumor 
potential of these cells. Previous studies have shown 
that plasroid DMA vaccination (28] or allogeneic ce! I vac- 
cination [21] could intfucB a protective immune response 
in neu mice. In contrast to these studies, in which ani- 
mals were immunized first and then challenged with the 



tumor, we used a therapeutic tumor model whereby ml- 
mats were first implanted with the tumor and then immu- 
nized. Our results demonstrate that, to generate a pro- 
tective immunity In neu mice, the application of multiple 
Immunizations is critical in the adoptive transfer experi- 
ments, a single T cell transfer has a minimi effect on 
tumor growth; however, sequential adoptive transfers of 
T ceils significantly delayed tumor growth. Similar results 
were found with immunization of 00 pulsed, with the 
p36$-377 and p773-782 peptides. Single immunization 
inhibited 7% of tumor growth while three immunizations 
inhibited tumor growth by 25-30%* The application of 
multiple Immunizations could have important implica- 
tions for the design of Immunotherapeutic strategies tar- 
geting self tumor antigens. The significance of applying 
mu^tiplelmmunizations could be interpreted as follows: 
(1) It might be necessary to constantly restimuiate the 
already activated immune response with professional 
APC, since the interaction of the low-avidity T cells and 
tumor cells might not be sufficient to actively maintain 
the effector function of tumor-specific T cells: $2) it might 
be possible that the stimulated tumor-specific T ceils are 
further tolerized or deleted after initial interaction with the 
tumor, sequential immunizations could then activate new 
responses; or (3) as demonstrated by Oordaro et aL {27]* 
the Tcell response is capable of inducing an effective 
antitumor msponse oniy when a memory tow-avidity 
T ceil response is generated, it might be that the applica- 
tion of multiple immunizations In A2xneu mice generates 
a memory response, resulting in the most efficient strat- 
egy to induce tumor immunity in these mice. 

Recently, Ercolinl et al. (28] reported the identification of 
an H2D^neunestricted epitope. Two immunizations with 
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DC.puised-with this peptide piior to tumor chafienge : <M 
not induce a protective Immunity in neu mica. We have 
aiso' ; observed -a minimi protection 0ess than 10% of 
tumor growth inhibition) In animals that were Immunized 
three times with DC pulsed with p369-377 or p773~782 
peptides in the absence of IL-2 (data not shown)* Devls- 
ser et al;|^ demonstrated thaileveis of 1L-2 were mark- 
edly reduced in low-avidity T cells\and that the effector 
function of these : cells was ,se^r^yjmpalredi: Our.. data: 
ware ^agreement with their results in that the Induction 
of an an^umorresponse was dependent on: the-addftion ■ 
of IL-2. Interestingly, In contrast to anti»OX4D hiAb. the 
addition of IL-2 did not s^ni^^tly augmmt the number 
of tetramer-bindlng cells after DC immunization. The 
exact role of !L-21rt: this model remains to be det^ttlned. 
The role of IL-2 could be to maintain the elector function 
of the Tceff ^msponse|13,-14}.:Hov/^en':DC immuniza- 
tion m combination vMh mii<>X40 mAb has a synergis- 
tic effect* resulting in substantial tumor growth inhibition.. 
.Even though previous studies have demonstrated that 
injections of anti-OX40 mAb are sufficienito Imfuce Uie 
eradication of established tumors [1 7,1 8) t the therapeu- 
tic eff^ioTar^^ 

neu tumor model. -This could be because of the low 
im:muho§ehici£y -of : the ; tumor in. these mice. - We. do not 
yet know for certain how anti-QX40 mAb influences the 
immune .:h^pomesV''An^*<^X^0 mAb might stimulate 
CD4 r Tceils [15, 1^ to provide help to CDS 4 T cells and, 
as-acoraequen^^^ 

observed. The other mechanism in which anti-OX40 
could' exert its-effect Is b? dlmc&y mhm&hg CDS" 
Teell responses, as demonstrated by De Smedt et al 
{301; !Tie:tetmmer-bM assaysindicate 
that CDSTT cell responses in A2xneu mice are enhanced 
in the presence of antj«OX40 mAb, and the increased 
presence of tetramer-binding cells correlates with the 
cytotoxic activity. These data suggest that the improve- 
ment of the ImrmrnB response In the presence of antl- 
OX40 is most probably due to a greater number of 
tumor-speciltcT ceils.thai were, -ex^mded, after fmmuni* 
zatbn with DC. Taken together; these data. indicate that 
for the activation of an immune response in A2xneu 
mice, the use of costimulatory molecules such as 1L-2 or 
antl-OX40 mAb might be critical to optimally stimuli/ 
expand the low-avidity repertoire in order to generate 
antitumor immunity* 

With, the .use of: the A2xneu mice^we have, established 
that tolerance in neu mice is a consequence of the.deie- 
tion of high-avidity T cells; Although most of the effective 
treatments correlate with immune responses that are of 
high avidity, the observation: th^t low-avidity T cells ■ can 
recognize and kin tumor ceils |9, 10, 27, 29] offers an 
opportunity to exploit these cells for the induction of 
antitumor responses. It is highly probable that irnmuno- 
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therapy alone under tolerant cond^ions will not be suffi- 
cient to InducQ the complete eradication of tumors. 
However, if the immune repertoire for a self Uimor anth 
gen is properly stimulated and used in combination with 
another form of therapy It could result in refection of the 
&mor. In this regard, we have recently evaluated the 
combination of immunotherapy and antiangiogenfc ther- 
apy. Oi# results demons^ that the application of each 
therai^.-aldne ^re^^^ ■tumor- growth; - however, when 
these therapies were combing they resulted In com- 
pete:- reaction, of the tumor in neu mice [31], These 
results further confirmed the antitumor potential of low- 
avidity T ceils and me utility of this repertoire In antitumor 
responses. In these studies, we demonstrated that if the 
immune, responses from tolerant -hosts: were property 
primed and the effector function was maintained over 
time, the immune response would contribute to tie 
destruction of the tumor. Further evaluations of the lev/* 
avidity repertoire against self tumor antigens will ulti- 
mately lead to improvements of the strategies for the 
optimization of vaccination immunotherapies against 
self tumor .antigens, 

4 Materials and methods 
4*1 Mice and cell lines 

The nm transgenic- mlce::#ne202) were commercially 
obtained from Jackson laboratories par Harbor, end 
remained homozygous^ were -purchased 

ten Harlan (Indianapolis, IN), The HLA-A2.1 /Kb transgenic 
mice wem kimiiy provided by Or. Linda ^eiman from the 
Scripps Research Institute (La Joila, CA). The neu and FVB 
mice were mated wilh the HL^A2*lM> mice to. generate 
A2xneu and A2xPVB mica TheN202-A2 cell line was estab- 
lished from a spontaneous tumor, Trie tumor was digested 
with a mixture of 1 mg/ml cdfegenase, 10 U/ml hyalurcnl- 
dase and 20 #g/mi ONase {aK ^om ; Sigma, St Louis, MO). 
Cells were grown in RPtel 1640 medkim supplemented whh 
20% FCS, 2mM.t^lutamine, %% sodium pyruvate, 1% 
nonessential amino acids, 5x10"* M 2*mercaptoethanol (2* 
ME) and 50|tg/ml g^ntamiOT, Cultured ceils were : tmated by 
differentlki trypsin&atlon to remove fibroblasts. The N202 
mammary cell line was obtained from Dr. Fier^Luigi Lollini 
{University of Bologna, Bologna, Italy). The T2-A2 *1/Kb ceil 
line was provided by Dr. ; Unda Sherman. Antl*OX40 (0X86) 
mAb were obtained from the European Cell Culture Collec- 
tion {Wiltshire, GB}. All cell lines were maintained tn com- 
plete HPUi 1640 medium supplemented wrfch 10%' "FCS, 
2 mM t-gtutamine, 5x10* M 2-&$€ and 50 jig/ml gentamictn* 



4,2 Flow cytometry analysis 

The N202.A2 and N202 cells were stoned with primary anti- 
bodies (0.5 |tg/mfj against the human HLA-A2 antigen 
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(PA2.1). murine H2D*VH*2L C (KH117; PharMingen, San 
Diego, CA> and rat neu Calbfoc^em, San Diego, 

CA), To measure the expression of CDS and TCRJV mole- 
cules on CTL* the anti-CDSa-FITC (53-6.7; PharM!nc.en) and 
anti-TCRp-RTC (HS7-697; RhanMingen) were used, respec- 
tively, Samples were analyzed in a FACScan {Becton Dickin- 
son, San Diego, OA) and data analysis was performed using 
CeilOuest software. 



4.3 Generation of DC and Immunization of A2xneu and 
A2xFV8 mice 

For DC isolation, magnetic beads conjugated with arrti-CD4, 
ant^CDS and antl-8220 {Dynai, Oslo, Norway) were used to 
deplete bone marrow ceils of lymphocytes. The remaining 
oefis were cultured In complete RPMi m&ttum containing 
3% GM-CSF (supernatant fiomJ^sa. ceils transfeeted with 
the murine GM-CSF gene obtained from Dr. R Steinman, 
Rockefeller University,: New York, NY), For DC maturation, 
100 U/miTNF*OE was added on day 7 and DC were collected 
on day 9, Maturation of pulsed DC was confirmed by evalu- 
ating the expression of B7~1 t B7-2, MHC class I and MHO 
class if, Mature DC were pulsed with ma D36&-377 or 
p773~782 peptides at 10 no/ml for 3 h at 37*C. 



4.4 Stimulation of p369~377- and p773~782-A2.i*neu~ 
restricted CTL responses 

Ten days after immunization with DC, animals were Jailed 
and spleens wem removed. For stimulation of cultures, 
T cells {10 s celts/weil) wena incubated with autoiogous irradi- 
ated (3,000 rad) LPS spleen blasts (2x10* ceiisAveli) that 
warn pulsed with the p36$-077 {KIFQSL/yFL) and p773~782 
(VMAGVGSPYV) peptides in 24-weii plates. After 5 days, 
CTL were assayed for lytic activity The N202.A2, N202 and 
T2~A2.t/Kb ce8s pulsed with the peptide were incubated 
w?th 160 |iCi sodium pCrJchromate for 1 h at 37*C. Cells 
were washed three times and resuspended in complete 
RFMI medium. For the cytotoxic assay, ^CMabeied target 
cells {101 were incubated with varying concentrations of 
effector cells in a final volume of 200 tti In U-boUom 96- weii 
microliter plates, Supernatants were recovered after 6 h of 
incubation. 



4.5 Tetramer staining 

The A2.l«p36S-377~P£ and A2,1-p773-782^E tetramers 
were obtained from the HiAID Tetramer Coie Facility. Spleen 
ceils from mice immunized with the p369-377 and p773~782 
peptides were stained with the A2, 1 -p369-377-FE and A2.1 - 
p773-?82«PE tetramers (2 jig/sample) for 1 h at room tem- 
perature and then with antt-CDS-FfTC for an additional 
30 min at4°C* Samples were analyze In a FACScaa 



Eur. J. Immunol. 2004. 34; 752-761 

4*6 Adoptive Transfer 

The CTL fines specie for p369-377 and p773~782 peptides 
derived from A2xneu or A2xFVB mice were mpmtin<$ fa 
vitro by mixing 2x10* cultured T cels with 2x1 (f irradiated 
autologous LPS spleen blast cells pulsed with the p360-377 
or p773»782 peptides containing 25 U/ml IL-2 in T25 flasks 
in a total volume of 10 ml CTL wot tasted for cytolytic 
actMty after i/&© stimulation. To test the effect of adop- 
tively transferred T ceils* A2xneu mice were implanted s.e> 
with 1 0* N202.A2 tumor ceils. On day 7 after tumor inociria- 
tion, animals were randomly divided into groups of five, and 
10* stimulated CTL warn directly injected into .Che tumor. Ani- 
mals received daily Ip factions of 8L-2 for 1 week {W IU/ 
day). Tumor 'growth wasmonitomd eveiy 5 days and growth 
rates were determined by caliper measurement In two 
diameters. Tumor volume was expressed as: ^ninordiame- 
terfxrnajor diameter/2. Statistical analysis was determined 
by Student's r-test 



4.7 immunization 

A2xneu mice were implanted s.e. with 1 tf H2Q2J& ceiis on 
day O. On day 7, animals warn randomly divided Into groups 
of five and immunized once, twice or three times ex. with 
10 s DC pulsed with the p369-377 or p773-782 peptides in 
the presence or absence of rlL-2* Animals that received rt L-2 
were injected with 10 4 iU/day for different periods of time as 
described in the experiments. Antt-OX4G (100 jig/injection) 
was injected 2 days after DC immunization and once a week 
thereafter. 
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